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The structural changes in Sro.66Bao.34Nb206 single crystal fibers when the temperature decreases 
from 295 to 10 K is investigated by dielectric constant measurements and Raman spectroscopy. The 
anomaly observed in the plot of e" is associated to the variation in the intensity and frequency of 
some Raman modes. We observe that the intensity of some low energy modes has a very singular 
behavior for the y{xz)y scattering geometry. In the high energy region (> 850 cm~^), a band at 
~ 880 cm~^ disappears when the temperature is cooled down to lOK for the y{xz)y geometry and 
shifts to higher energy values for the y{zz)y geometry. 



I. INTRODUCTION 

Strontium barium niobate Sra;Bai_a;Nb206 (SBN) is a 
ferroelectric system with remarkable electro-optic prop- 
erties. Thin films have been used in optical data-storage 
iQ, microelectronic devices applications and crystalline 
and amorphous substrates Beside its technological 

applications, SBN exhibits interesting structural charac- 
teristics as incommensurate superstructures Q , polariza- 
tion memory ||^ and high stability to intense laser radia- 
tion source Raman spectroscopy has been employed 
to study the variation of the vibrational modes of SBN 
in connection to its ferroelectric characteristics @J^. 

From the studies performed in the late 60's, it is known 
that the room temperature crystalline structure of SBN 
belongs to the " tungsten- bronze" family, whose the main 
compound is K2;W03. Since the sites of this structure 
are not completely filled, a large variety of compositional 
formulas is found in the literature Compounds of 
SBN with X ranging from 0.25 up to 0.75 (the range of 
stability for the solid solution 11|) were studied by 
Jamieson et. al. 

There are some evidences of the existence of one or 
two phase transitions in these bulk compounds when the 
temperature is lowered down to 10 K ||l2|,Q. The tech- 
niques employed were X-ray diffration, specific heat and 
pyroelectric coefficient measurements in these references. 
Although Raman spectroscopy study has been used to in- 
vestigate the ferroelectric-paraelectric transition in SBN 
occurring for T > 300 K @, no one has employed this 
technique to investigate the phase transitions occurring 
for T < 300 K. We address here the phase transition un- 
dergone by SBN (x=0.66) at about 80 K as observed both 



by Raman spectroscopy and dielectric constant measure- 
ments giving an additional evidence via optical measure- 
ments for a phase transition undergone by SBN crystal 
fibers at low temperatures. 



II. EXPERIMENTAL 

The SBN samples used in the experiments were pre- 
pared using the standard oxide mixture route. Ceramic 
powders with nominal composition (Sro.6iBao.39)Nb206 
- SBN 61 /39 were prepared beginning from the mixture of 
Nb205, Ba(N03)2 and SrCOa in the wanted proportions. 
The precursory powders were mixed in a ball milling dur- 
ing 3 hours for homogenization, being after calcined for 
solid state reaction which takes place at 1300 °C during 
3 hours. The samples were compacted to form a disk 
shape sample. Finally, the disks (with the dimensions 25 
X 12 X 1 mm'^) were fired at a sintering temperature of 
1350 °C during 3.5 hours. Sticks (with 20 x 0.7 x 0.7 
mm'^) were cut of the sintering plates for the growth of 
the monocrystalines fibers by using the fusion technique 
with laser (LHPG - Laser Heated Pedestal Growth). In 
this technique the ceramic sticks are used as seeds for 
the growth of the fibers. The composition of the fibers of 
pure SBN nominally indicated that everybody was faulty 
in Ba. The analysis were made through an EDX micro- 
probe in an electronic microscope Zeiss DSM-960, that 
revealed fibers with nominal composition Sr/Ba 61/39 
present the value 66/34. 

The Raman spectra were recorded with a Jobin 
Yvon T64000 spectrometer, equipped with a A^2— cooled 
Charge Coupled Device (CCD) detection system. The 
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slits were set for a 2 cm~^ spectral resolution. The line 
514.5 nm of an Argon ion laser was used as excitation. A 
Olympus microscope lens with a focal distance f — 20.5 
mm and numeric aperture NA = 0.35 was used to focus 
the laser to sample surface. The incident power density 
was of the order of 100 W/cm^. Several measurements 
were performed in the temperature range investigated 
and carried out in the y{zz)y and y{xz)y scattering ge- 
ometries , where x,y and z are associated to the crys- 
tallographic axis. 



III. RESULTS AND DISCUSSION 

The dielectric constant is an ideal parameter to de- 
scribe the electric properties of dielectric materials [ p^ . 
For most of the materials the dielectric constant in the 
linear regime is not a function of the applied electric field 
intensity, but for alternate fields, it will depend on fre- 
quency. Fig. |l] displays both the real {e') and the imag- 
inary (e") parts of dielectric constant as a function of 
temperature. The dielectric constant of SBN is charac- 
terized by two different features. The most intense is 
called a which appears in the inset of Fig.|l| for T w 
Tc, the Curie temperature. Such an anomaly has its 
origin on the temperature and frequency dependence of 
the dielectric permittivity of ferroelectrics with relaxor 
character near the ferroelectric - paraelectric phase tran- 
sition |l^. We will not attempt to discuss this a - fea- 
ture because it is well studied elsewhere Rather, we 
will put forward considerations about another very im- 
portant characteristic in Fig. ^ The second feature of 
interest is the 7 anomaly which can be associated with 
polarization fluctuation originating from the relaxor na- 
ture of SBN solid solution ||l|l. This means that SBN, 
like Pbi_a;Baa;Nb206, is a different type of relaxor ferro- 
electric where the conventional dipolar model is no valid 
anymore |l^ . For SBN we must consider both local and 
macroscopic polarization states, where the former differ 
slightly from the latter. The two possible local states are 
separated by an energy barrier in the energy well. At 
high temperatures these barriers can be overcome due 
to thermal energy. However, for low temperatures the 
activation barrier is comparable to the thermal energy 
allowing relaxation processes through changes in the po- 
larization states. 

Another interpretation for the 7 anomaly is a diffuse 
phase transition undergone by SBN crystal fiber at 80 
K. This interpretation is established by the work of Ref. 
| p2[ where spontaneous polarization, pyroelectric coefh- 
cient and dielectric constant measurements performed on 
Sro.5Bao.5Nb2 06 crystal bulk point to a phase transition 
between 60 and 80 K. Threrefore, it is plausible to expect 
that this anomaly observed in SBN crystal fibers should 
be due to a phase transition undergone by the material. 



In Figs. ^ and ^ we display the Raman scattering spec- 
tra in the low frequency region at several temperatures 
recorded in the y{zz)y and y{xz)y scattering geometries, 
respectively. At the lowest temperature, 8 bands are ob- 
served. Increasing the temperature, these bands become 
broader due to anharmonic effects p9[ . Apparently, no 
change is observed. However, if one normalizes all bands 
to that at 106 cm~^ (band 2), it can be seen that the in- 
tensity of the band at 75 cm^^ (band 1) changes abruptly 
around 85 K, as shown in Fig ^. In this plot the back- 
ground was properly subtracted |^,^. Here we arrive 
to an important point: the sudden intensity change of a 
low frequency band. The significance of this variation is 
discussed as follows. 

The intensity of a phonon results from different factors 
as, for example, a deformation potential interaction term 
|p2| . This can be associated to a change of structure when 
the material is being subjected to a variation of exter- 
nal condition, e.g., temperature or pressure. Changes in 
the intensities of low-frequency Raman bands evidencing 
phase transition by temperature variation were already 
reported for a well known ferroelectric crystal, triglycine 
sulfate, where a phonon of 60 cm~^ was connected with 
the onset of the phase transition j23|. By pressure vari- 
ations, it was also observed change of structure through 
the study of intensity of Raman bands [^,^. In the 
first case, abrupt changes of intensity in several bands in 
the spectra taken place between 2.03 and 2.24 GPa pro- 
vided strong evidence that modifications in the unitary 
cell of the crystal happened in this pressure interval. In 
the second case one striking change in the relative inten- 
sities of bands associated to modes of 41 and 48 cm^^ is 
verified for pressures between 2.2 and 2.3 GPa. An ad- 
ditional low energy band appears in the Raman spectra 
evidencing a phase transition is present p5[ |. However, 
changes in the relative intensity of Raman bands with 
variation of any thermodynamic parameter does not im- 
ply, necessarily, a phase transition has occurred. These 
variations sometimes may be associated to the internal 
reordering of ions in the unit cell but with no change 
of structure; one example is given by LiNa3(S04)2.6H20 
crystal, where great modifications in the Raman inten- 
sities occurring when temperature changes from 12 to 
300 K are not associated with any phase transition . 
In the case of SBN crystal fibers here investigated we 
believed that the change in the Raman intensities may 
be credited to a phase change, because, as was already 
shown, measurements of dielectric constant for the SBN 
crystal bulk point to the existence of a phase transition 

Fig. a shows the SBN Raman spectra in the spec- 
tral range 760-930 cm~^ taken from 10 to 90 K for the 
y{xz)y scattering geometry. Bands in this region are due 
to vi modes of the NbOe structure j27|. As observed 
by other authors this region presents an extremely 
broad band whose rising is possibly associated to a struc- 



tural disorder. In the structure there exist octahedra of 
NbOe with the polar direction close to the O - Nb - O 
axis. These axes are not exactly parallel to the c axis 
and, additionally, since we have two non-equivalent Nb 
ions, this give rise to two slightly different vi vibrations of 
the NbOg structure. Starting from 90 K, the intensity of 
the band at 880 cm~^ decreases progressively down to 20 
K, when the band disappears completely. As the origin 
of these two bands is associated with structural disorder, 
this means that for low temperatures a new configuration 
is being supplied to [NbOe]''" ions. This new configura- 
tion may be originated either by a change in SBN unitary 
cell as a consequence of the temperature variation or by 
a local change of the neighboring region of the ion. 

In Fig. ^ we show the vi mode region for the y(zz)y 
scattering geometry. Two bands are also observed. De- 
creasing the temperature, the intensity of the higher en- 
ergy band decreases but, instead of disappearing com- 
pletely, it remains even at 10 K. When looked carefully 
around 50 K, the energy of the band with higher Raman 
shift undergoes a jump. The arrows placed in spectra 
of 50 K and 10 K show the exact value of the center 
of the bands obtained by lorentzians fittings. By one 
hand, the fact that the two bands are present down to 
the lowest temperature in this different scattering geom- 
etry means that the two non-equivalent NbOg structures 
remains down to 10 K. On the other hand, a jump in the 
energy of one band is pointing to a change of the neigh- 
boring around the octahedral [NbOe]^^ ion. Moreover, 
the fact that some variation of band intensities of exter- 
nal modes are also being observed serves as a guide when 
deciding on the conclusion to be adopted, in our case, 
the existence of a structural phase transition. 

As summary, through Raman spectroscopy and dielec- 
tric constant measurements it was possible to verify the 
existence of a phase transition for SBN crystal fibers 
at temperatures below 100 K. The evidences are: (i) 
changes in relative intensities of low energy bands; (ii) 
disappearance of a high energy band, associated with the 
ion [NbOe vibration in the y{xz)y scattering geome- 
try and abrupt change in energy of the same phonon in 
the y{zz)y scattering geometry; (iii) change in dielectric 
constant in the same temperature limits where occur the 
variations in the low energy modes. 
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FIG. 1. Plot temperature vs. dielectric constants e' and g" 
of the SBN 66/34 for temperatures between 10 and 450K. 



FIG. 3. Raman spectra of SBN 66/34 in the scattering ge- 
ometry y{xz)y for temperatures between 10 and 170 K. 



SBN 66/34 (ZZ)-10tOl70K 



SBN 66/34 (XZ) 





20 40 60 80 100 1 20 140 160 1 8( 

Temperature (K) 



Raman Shift (cm'^) 



FIG. 2. Raman spectra of SBN 66/34 in the scattering ge- 
ometry y{zz)y for temperatures between 10 and 170 K. 



FIG. 4. Plot intensity normalized vs. temperature of SBN 
66/34 in the scattering geometry y{xz)y for temperatures be- 
tween 10 and 170 K. 




FIG. 5. Raman spectra of SBN 66/34 in the scattering ge- 
ometry y{xz)y for temperatures between 10 and 90 K. 

FIG. 6. Raman spectra of SBN 66/34 in the y{zz)y scat- 
tering geometry for temperatures between 10 and 90 K. The 
arrow indicates the center of the band with the highest energy. 



